INTRODUCTION
Chemical weathering of rocks and minerals is one of the most important geochemical processes by which chemical elements are fractionated and redistributed at the surface of the earth. Chemical weathering is basically an interfacial phenomenon and operates both at micro (interface between solid and solution) and macro (interface between earth's endogenic and exogenic cycles) scale. These interfacial interactions between the lithosphere, hydrosphere, atmosphere, and biosphere profoundly alter both the surface of the solid earth and the chemistry of its fluid envelope.
The rate and nature of chemical weathering vary widely and are controlled by many variables such as parent-rock type, topography, climate and biological activity. Although climate of a region is an important variable in rock weathering, its effect seems to be highly variable (Nesbitt and Young, 1984 and White and Blum, 1995) . While mobility of Si0 2 and Na are positively correlated to temperature and precipitation, K, Ca and Mg mobility does not show such a correlation (White and Blum, 1995) . Raymo et al. (1988) suggested that chemical weathering becomes enhanced in tectonically active regions thereby increasing the dissolved river fluxes to the oceans. However, McLennan (1993) observed a negative correlation between sediment yields in major river system of the world and the weathering intensity as calculated from the chemistry of suspended sediments. Thus, the feedback mechanism that exists among tectonism, physical erosion, chemical weathering and sediment yield in exogenic geological processes is not adequately understood. A better understanding of mineral stability and element mobility during rock weathering and sediment redistribution processes requires a detailed study of these processes under different climatic conditions.
We have been studying the geochemistry of weathering of rocks in the Cauvery catchment area in southern India and the flood plain sediments deposited by the river in the lower reaches. The main objective of the present paper is to discuss the extent of chemical weathering undergone by the granitic rocks of the Cauvery catchment area and to test the idea of neotectonic uplift of this region. Considerable amount of work has been carried out in last two decades to elucidate the nature of weathering processes operative on the granitic rocks. Fritz (1988) showed that during granite weathering, thick weathering rindlets are formed and positioned in an irregular oval about the center core of the fresh rock.
Kaolinite, illite, gibbsite, and dioctahedral vermiculite mineral assemblages are major secondary minerals formed during weathering. The geochemical behavior of major oxides and trace elements including REE during weathering of granitoids indicate that Na 2 0, CaO, Si0 2 along with Sr and Mn are highly mobile, MgO, K 2 0 and FeOm show medium to little depletion. REEs are mobile during weathering and especially during the early stages of weathering (Nesbitt, 1979; Duddy, 1980; Banfield and Eggleton, 1989; price et al., 1991; Condie et al. 1995) . The result of Nesbitt (1979) , Duddy (1980) and Condie et al. (1995) are particularly important in that they showed that although REEs can be redistributed within a weathering profile, net losses or gains of specific REEs are not observed. We report here the nature of weathering undergone by the granitic rocks, factors controlling the weathering intensity, mineralogy and geochemistry including that of REE of the parent rocks and weathered products to suggest a very recent and rapid uplift of these Archean rocks in the Cauvery River catchment area.
GEOLOGICAL SETTING
The Cauvery River is one of the major rivers of southern India. The geological map of the region along with the river is shown in figure 4.1. The drainage region includes two major terrains, a northern greenstone-granite terrain (Dharwar Craton) and a southern granulite terrain. Each of these two terrains may include many subterralns. The two terrains are separated by a zone, the north of which the granitic rocks with included supracrustal belts (schist belts) are metamorphosed to grade lower than amphibolite facies. South of the transition zone, both granitic and supracrustal rocks are commonly metamorphosed to granulite grade resulting in chamockite, pyroxene granulite and high-grade amphibolite assemblages. Amphibolite grade granitic gneisses (tonalite-trondhjemite and granodiorite), known as the Peninsular Gneiss in the north were formed in the time interval of 3400-2500
Ma and were subjected to several episodes of deformation and metamorphism, the last of which resulted in the conversion to charnockite (2500 Ma) in the southern part of the craton (Drury et al., 1984 ) .
Based on a variety of geomorphological evidences and seismicity of the region the catchment region was shown to have been subjected to periodic uplift since Middle Mesozoic along Archean and Proterozoic faults and shear zones (Radhakrishna, 1968; Valdiya, 1989 and 1998) . In a study based on gemorphological characteristics, Radhakrishna ( 1993) has given a chronology of events that determined the landscape of southern India, from Jurassic to Recent. There is, however, no information on the absolute timing of the tectonic activities, excepting, perhaps, a 65 Ma massive volcanic event that poured out the Deccan basalts.
However, mineralogy and geochemistry of in situ weathered materials and regolith will provide important clues to evaluate tectonic history of the region.
The river basin is located between 10° N and 13° N latitude. The region experiences a semi-arid tropical climate. The mean annual temperature of the Cauvery basin is 25 °C; however, in summer (March to May) the maximum temperature reaches up to 43 oc. The average annual rainfall of the basin is 1092 mm, which has an average elevation of about 630 m. South-West monsoon is responsible for the rain in this area, which in just three months (June to August) accounts for 75% of the annual rainfall, 73% of the annual water discharge and 85% of the annual sediment transport (Vaithyanathan eta!., 1992) . The climatic record of the 40 Kyr BP indicates that southern India experienced several phases of moist and arid conditions alternatively (Rajagopalan et a!., 1997). The region has only sparse vegetative cover, excepting in the peneplained areas, which are under cultivation.
METHODOLOGY
7.3.1. General Sampling: Granites occurring as vems and dykes in the gneissic and granulitic areas, from two different locations covering a lateral distance of about 100 krn were studied. Samples have been collected ( -3-4 kg) from freshly cleaned vertical surfaces by making horizontal channel in the different horizons each with distinct characteristics.
Relatively fresh rock is exposed at the bottom of the profile and followed by saprolith, saprolite and soil/regolith in succession. Whereas the texture and structure of the fresh rock is preserved in saprolith, the grain size and intergranular cohesiveness are reduced nearly completely in saprolites. The uppermost horizon in the case of Hogenekal profile (described below) shows in situ development of soil, whereas, at Halagur we do not see any soil development. 7.3.2. Mineralogical studies: The mineralogy of fresh and saprolith was determined by thin section studies whereas for rock as well as for soil/regolith and friable saprolite X-ray diffractrometry technique was used. The clays were separated by using Atterberg method (Muller, 1967) to determine clay mineralogy. For X-ray analysis samples were mounted on glass slides and run on Philips XRD (PW 1140). Untreated, glycolated and heat-treated (at 500° C) clay samples were run separately for clay mineral determination. were carried on all samples including clay fractions separated from soil/regolith by the method described by Giritharan and Rajamani (1998) . All the elements except Na and K (Chemito Flame Photometer 1020), and Si0 2 ( Bausch & Lomb Spectronic 20 Spectrophotometer) were analyzed by ICP-AES (GBC-Labtam 8440) using international and in-house standards. For all elements our laboratory precision is better than 5% including Ce and Nd which have otherwise lower precision (<10%) for low LREE samples.
Our observations and data obtained from weathering profiles developed on granitic rocks from two different areas are described below.
.4. RESULTS

Weathering profile at Halagur area (Karnataka)
The Halagur area in Southern Kamataka forms a part of amphibolite-granulite facies transition zone of southern India. The major lithologies here include metasediments (quartzite-pelite-BIF-Mn horizons), amphibolite facies gneisses, foliated charnockites, mafic granulites, foliation parallel (sills) and foliation perpendicular (dykes) granite veins. The exposed rocks in the area are dominantly of Archean age (2.9 Ga) (Mahabaleswar et al., 1995) . At many outcrops, gneisses and granites occur in alternate layers. The gneisses because of their foliation planes show a higher extent of weathering whereas granites because of their massive character do not show effect of weathering and stand out relatively fresh in the weathering profile. A weathering profile selected for investigation is located in a road cut along the slope of a hill, 2 km south of Halagur village. A 3-m thick profile developed on the granitic rock is studied and the details are given below (Plate 7 .1).
In this profile, the bedrock is a granite and overlain by weathered material. Total thickness of the profile is -3 m. The rock (sample no. HLG-4D) exposed at the base has pink color, massive, hard and very coarse to pegmatite in nature and constitutes lower 1m of the profile. The fresh rock is directly overlain by 50 em thick saprolith (sample no. HLG-4C).
Except minor fractures and dull lusture we do not see any significant change in this sample compared to fresh rock. Top 1.5-m thick section of the profile is a homogeneous weathered zone and brick red in color (lateritic in appearance). Two samples HLG-4A and HLG-4B are saprolitic in nature and taken at a depth of 25 em. and 1.25 m respectively from the top and have some amount of rock fragments, more so in HLG-4A. Reduction in grain size and relatively higher amounts of root and rootlets is noticed as we move up in the profile.
PLATE-7.1
Field and thin section photographs of weathering profile developed over granite at Halagur area of Kamataka.
(A) Field photograph of the Halagur area of Kamataka. The whole area IS surrounded by hills and the low lying planner area is used for cultivation.
(B) Photograph showing differential weathering in this area. Alternate layers of gneisses and granites are exposed. Gneisses because of foliation planes and other structural discontinuities show higher extent of weathering whereas granites because of their massive character stand out relatively fresh.
(C) A weathering profile developed over granitic bedrock is exposed along a road cut. Weathering extent is controlled by the fractures present. The color of the profile was lateritic red; however, in the photograph actual color is distorted.
,.
Thin section study shows that the rock has -65-70% modal orthoclase and 25-30% modal quartz. Plagioclase is present in very small amount. Big crystals of garnet and relatively smaller grains of opaque minerals are also noticed and present as accessory phases.
Fractures in mildly weathered rock show brownish-red pigmentation, probably because of iron oxide precipitation. The XRD graphs of sample lll.G-4A and lll__G-4B indicate mineralogy similar to fresh rock, however, peaks of kaolinite are also noticed. The clay fraction separated from the top most bulk sample (sample no. lll__G-4A) is -5% of the bulk and has kaolinite and illite as major phases, however, peaks of smectite and quartz are also noticed.
Geochemical data (Table 7. .1 Chondrite normalized REE pattern of weathering profile developed over granite at Halagur, Karnataka. Note that the positive Euanomaly of the fresh rock is completely leveled off in the two saprolite samples. Also note that in clay fraction even a negative Eu anomaly is coming up.
to the saprolite except a development of negative Eu anomaly. The negative Eu anomaly in the clay fraction, however, could be linked to the complete removal of feldspar during chemical weathering and formation of secondary clay minerals such as kaolinite and illite with little smectite.
The CIA value (Table 7 .1) of all the samples shows an increasing trend. The CIA value for the fresh rock is -50 and the most weathered sample has a value of -69. The variation in the CIA of two saprolite samples show that in I-ll..G-4B (CIA value-59) the extent of chemical weathering is marginal, whereas, in I-ll..G-4A (CIA value-69) it is moderate.
Weathering profile at Hogenekal area (Tamil Nadu)
The Hogenekal area is situated 45 Km west of Dharmapuri, Tamil Nadu, well within Extensive weathering, soil formation and pigmentation to red is noticed along these cracks.
The top 1m of the profile represents red soil /regolithic material and two samples (sample no.
HOG-1 and HOG-2) are collected at a vertical interval of 50 em from each other. Plant roots and rootlets are also noticed in this zone( Plate 7 .2).
Thin section and XRD studies of the bulk samples of fresh granite show that quartz and orthoclase constitute 90% of the bulk and rest 10% has plagioclase, epidote and hypersthene as major minerals whereas zircon and magnetite are present in trace amount.
Saprolith sample has identical mineralogical composition to fresh rock. In saprolite sample hypersthene and plagioclase are severely attacked and appear mottled in thin section. Red pigmentation along the cracks is also noticed in this sample. X-ray diffratograms of soil/regolith samples indicate a slight decrease in peak heights of quartz and orthoclase, also very small peaks of kaolinite started coming up. The clay fraction ( -3% of the bulk) separated from the soil/regolith sample (sample no. HOG-1) shows prominent peaks of kaolinite and illite but peaks of quartz and very small peaks of smectite are also noticed in this fraction.
Geochemical data (Table 7. 2) indicate that the fresh rock is a granitic with 76.5wt.% The calculated CIA value (Table 7. 2) of all the samples vary between 57.02 (fresh rock) to 60.81 (soil/regolith). This little variation in CIA indicates that, though the hard and massive rock has been transformed into friable soil but the extent of chemical weathering is negligible as suggested by the major element chemistry also. Therefore, we can say that in this area the dominant process of weathering is physical in nature and it has made the base for chemical processes to take place. Table 7 .2 Geochemical data of weathering profile developed over granitic bedrock at Hogenekal, Tamil Nadu.
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DISCUSSION
Gneisses, granites and chamockites lithologically dominate the upper reaches of Cauvery River. Field observations of the area reveal that the gneisses are heavily intruded by granites and pegmatites, include enclaves of amphibolites and iron formations and suffered different degrees of shear deformation. As these discontinuities provide ample opportunity for water flow, the gneisses have become more susceptible to weathering compared to massive granites or chamockites, which stand out relatively fresh.
The granites and their weathered products show neither chemical nor mineralogical changes that are significant enough to suggest major chemical weathering. The clay fraction in the top most samples is uniformly low at both the places (maximum 5% ). This indicates a very high degree of physical weathering without causing any significant chemical change.
The mineralogy of the suspended load sediments of the Cauvery river water is reported to include dominantly feldspar and montmorillonite ( -70%) and decreasing amounts of quartz, kaolinite and illite (Vaithyanathan eta!., 1988) . Similarly, the solute chemistry of the river water is shown to be in equilibrium with albite, montmorillonite, and chlorite and sometimes with kaolinite (Ramanathan et al., 1994) . To the west of the present area of study in the Mysore Plateau, chemical weathering was considered to be weak because of semi-arid climate and poor drainage (Pedro, 1997) . Thus, the chemistry of weathered products of the sediment sources to the river is consistent with that reported for the suspended and solute load of the river. All these chemical features suggest that the rocks of the region were subjected to only little chemical weathering.
Chemical Index of Alteration (CIA, after Nesbitt and Young, 1982 and 1984) Anamolously high concentration of Ti, Fe, Mn and REE, more so of HREE is, however, not only a result of weathering but addition from extraneous sources as well. Exceptionally high concentration of these elements could also be linked, to a certain extent, with inter sample variation because the rocks are coarse grained to pegmatitic in nature resulting in heterogeneous distribution of various minerals. Mg and P also show enrichment and probably related to the secondary mineral formation such as smectite and other P bearing phases. K also shows a tendency of enrichment in the initial stages of weathering, however, slight decrease is noticed in the subsequent stages of weathering.
The percentage loss seen in the commonly mobile elements and the change in A)z0 3 suggest that the weathering extent has not proceeded to the extent of breakdown of resistant minerals like K-feldspar and quartz. However, the enrichment of Fe, Ni, Cr and Mn indicates selective addition from extraneous sources (by weathering of gneissic and pyroxenite country rocks) and through alteration of mainly mafic minerals present as accessory phases and retained in the profile by the formation of oxyhydroxide of Fe and Mn. This is probably responsible for the common reddish color to the saprolite and soil/regolith cover. ..-
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-;:- 18.2 the fresh rock has diminished in successive samples indicating relatively higher degree of depletion of Eu, however, the abundance is still more than that of bed rock. This fact is further strengthened when we see the REE patterns of the clay fraction separated out from the bulk saprolite/soil samples. The clay fraction REE patterns of both the profiles (See figures 7.1 and 7 .2) are much more flat indicating HREE enrichment. The clay fraction REE pattern of the Halagur profile even shows development of negative Eu anomaly indicating that Eu is relatively lost during weathering compared to other REE. Thus, during the weathering of these granites all the REE were mobilized, HREE to a greater extent. The process envisaged for the mobilization of REE is similar to that described by Nesbitt ( 1979) for the weathering of granodiorite where weathering of primary minerals to residual clay minerals by acidic waters leaches all the REE, more so HREE. The initial alteration of the same rock by the downward percolating water increases all the REE, more so HREE. In this case, the abundance and the patterns change in a complementary manner. In our area of study, we also observe a similar behavior for the REE except that the abundance is continuously increased as we move up in the profile. It is probably because the chemical weathering in this area is still in the initial stages and therefore retained in the upper section of the profile. The observed enrichment of REE is likely to be associated with the enrichment of Fe, Mn, Ni and Cr in the saprolite and soil samples. This association can be attributed to the affinity of REE to the surfaces of Fe-oxyhydroxides (Fleet, 1984; Middleburg et al. 1988 ).
The rocks of the Cauvery catchment area are predominantly of Archean age (>2500 Ma). If these rocks were brought to the surface and exposed to weathering since Proterozoic times then we would expect to see a thick residual soil cover because of extensive and prolonged chemical weathering. However, neither the topography nor the thickness and the chemistry of soil and nor the vegetative cover indicate any extensive duration of exposure.
Based on geomorphological, seismic, geological and the drainage pattern, the course of the river Cauvery itself, and the mode of occurrence of charnockitic hills, a suggestion has been made that the southern Peninsular India has been subjected to periodic uplift since the time of its separation from the Gondwanaland (Radhakrishna, 1992 and 1993; Valdiya, 1998) . The thin soil cover seems to have formed predominantly by physical weathering of rocks and formed the base for chemical weathering to take place. The solute and suspended load chemistry of the river also supports our inference of minimal chemical weathering in the area.
This would imply that although the rocks are of Archean in age, they must have been exposed geologically very recently. Thus, the geochemical characteristics of weathering and its products of the Cauvery catchment area corroborate the suggestion that this region has been undergoing periodic uplift thereby continually exposing fresh rocks for weathering. The sediment derived by the weathering is chemically immature and contain most of the biologically needed cations, making the river alluvial plains and deltas very fertile and probably this is reason why civilization is flourishing in the Cauvery River basin for last several centuries.
.6. CONCLUSIONS
In the upper reaches for the Cauvery catchment area, granites exhibit a smaller degree of weathering in the field relative to the Peninsular Gneisses because of their massive nature.
Although the cohesiveness of the mineral grains is completely lost, the secondary mineral (such as kaolinite, illite, smectite and Fe-oxyhydroxide) formation is insignificant. In both the profiles immobile elements such as Ti, AI, Fe, Mn, Ni, Cr and REE show enrichment, whereas Si, Ca, Na, Ba and Sr are mobile and depletion is noticed. Anamolously high concentration of Ti, Fe, Mn and REE, more so of HREE is, however, not only a result of weathering but addition from extraneous sources as well. The chondrite normalized REE patterns show that not only the abundance level has increased, relative to the bedrock, but also the patterns become somewhat flat indicating that mobilization of REE more so of HREE had occurred within the profile. The positive Eu anomaly of the fresh rock is also diminished with increasing extent of weathering, however, the abundance is still more than that of bedrock. The depletion and the enrichment of different elements appear to be related to mild leaching of primary minerals by meteoric water rather than by mineral breakdown.
This and the extent of variation in Chemical Index of Alteration values suggest that the granites have suffered only incipient chemical weathering for the extent of physical weathering undergone by them. It is likely that this contrasting weathering extents of these >2500 Ma rocks is due to their exposure to surface geological processes only recently because of ongoing periodic uplift and physical erosion of this region.
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